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(54) LIGHT EMITTING DIODE 

(57)Abstract: 

PURPOSE: To reduce the density of holes of group V elements, by 
forming a multilayered structure provided with a III— V compound 
semiconductor layer composed of at least one kind of group III 
element N, and a plurality of group V elements except N, as a light 
emitting layer. 

CONSTITUTION: Low resistive N-type GaP single crystal doped 
with sulphur S is used as a substrate 101. A buffer layer 102, a 
lower clad layer 103, a light emitting layer 104 and an upper clad 
layer 1 05 are deposited in order on the surface of the substrate 
crystal 101. When a crystal layer different in the composition ratio 
of group V elements is obtained, the mixing ratio of each. of the 
material gases as supply sources of N, P and As to H2 carrier is 
changed as necessary. A multilayered structure for an LED wherein 
a GaNPAs layer containing N, P and As as group V elements is 
constituted is formed. Thereby the half-width of emission spectrum 
is narrowed to be about 1 /9, as compared with a short wavelength 
LED wherein GalnN mixed crystal containing only N as group V 
elements is applied to a light emitting layer. 
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*fflJW#£w$S IHRTcHtS* (5E*fi*: N) £N 
W^a«<o|gVK5c**»e>*5 III-VRft;^*^* 

— K 0 

till** 2] N«*<B5t*JH»#*<0*VftS*;4*!> 
V (jc*E#: P) &tffc* (5c*SE#: As) T*fcS 

[«n«)ff««Rn] io 

[oooi] 

&£tr III-V*afMfci|iW(Wi«r«iilT4*{ls*ft* 
«*«*^*-K (led) cbl, #lciSiiWSft:-e 

iojSifSJitt©LEDtff*>5. 
[0 0 0 2] 

[ft&Ottff] t<fc#!J?A (G a N) §<DN££tf I 

[[-vMft^^frttmi^S^y*** (m. 

As i f KhanftiL Appl. Phys. Let 

t . . JUL O) (1993), 1 2 1 4. ) ^LED 20 

WlffeLEDffii LtGaN, A 1 Ga N^Ga I nN 

*?<7>N&£ir llI-v*ft*J|m*i»e)tll*4ixTv»5 
LED^e,HT^5 («*.«, tftt l^ffr 
ffSflftdttJ , ?g 7 6 9^(1 9 9 3), 913 
H^MpB r»ffl^*ft#J , £3 5#fg4^ 

( 1 9 9 3) . 6 8K#KD o 

[0 0 0 3] Nt^tf III-V*ffc£##3Mfc&*b*Mt 
S*l5fie*«)lrfeLEDW«ii«SHS:Slt*t (N 
IKKEI MATERIALS & TECHNOL 30 
OGY94. 4 (No. 1 40) , 4 8M&tfNIKK 
EI ELECTRON I CS 1 9 9 4. 1. 3 (N 

o. 5 9 8) , 5 9D o m do i) tLxmm 

m (10 2) t LTG a N#t£tt f>tlTV>3o SSJJftt 
A 1 N*>e>flto£3il50l]'b*>3 (Y a s u o KO I D 
Eft, Jpn. J. Appl. Phys. , _2_7_ (7) 
(1988), p. p. 1156-116 1-^H. Am 
a n o fife, Thin Solid Films, 163 

d 9 8 8) , 4 i oRwm m*M* ra*fe*j« 40 

m%m\ . 113-114^ (1.98 6) , 81) 0 G 
aNH'tfiffi (10 2) C0±|C(±A 1 G a Nj&»e,ft5TSB 

tyyvm (103) a<arte>*i«. t«* ? y ks 

(10 3) W±(d|iG a I nNA^TiS^S (1 0 
4) #RttfeivO*a. fcjfeJWTOi: LTttrroftt. 
Alu In, Ga, N (u + v+w=l, u>0) t>fcfl 
IbtlT^S (1*^6- 1 4 5 6 4#Ba.) 0 me>l4^ 
-fixt>&VSS5citfi: LTNro^£f£fflLTfM£iiT^ 

[0 0 0 4] ^Jtl*ffl)*1-2iGax In,., Nj||«) SO 
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JMtt (x) tt, flE*-eiiHffl±H:ft/h-CfcO. 8 0S 

It'fcofc, BP*,, InWMMO. 20W±ti-5 
»», Ga, In,-. N?g a %i<0&,lf±<7)gfc£ffl</c 
AHSrCfcofc (N IKKE IMATER I ALS & 
TECHNOLOGY 94. 4 (No. 140) , 
4 8) . 

[0 0 0 5] I n0>flWiJt$4:O. 2 0 t LfcG a.,.» 

I iu» Nfifi0Sffl-e<0&j£fiF4Btt||!j3 e VT-fc5 0 
lot, *3t«*lift4 1 OnmlWai:4f3, #fe<OpT 
a*ro**Sr#5wttt"C**V\ fJiJx.fi, 4 8 0nm 
i£f#Wf££ft£l#3Ktt, git$f£sE{c 0. 4 e Vg 
*IB/hL. 2. 6 e Vi£ffit5^/45fe5. I n«l 

L^L, Ga, In-, NfiA^ISAtt^l^t £fc 

[0 0 0 6] rflfcft, i&fc-CttffifS (5c*lE-& : Z 
n) ^ K§ !7A (5c*E* : Cd) £G a I nNftg 

mm£*mmmm 1 2 5 si^sff 1 4 s mef^ 

(«6^5I 2 7 0) mm.) o Cd«S 

(t*t «f-tt«iiflr^^te* 7 6#^ 

9^ (1 9 9 3^9£) , 9 131). ftoT, &5fcT' 

0. 2 oesic±», ±SE<&«4**fi*&ayjgL--c*# 

[0 0 0 7] 

T^^tLSipfitt-^lClti-T'tt^^o 

***** h/Hi^mt LT*l£< 
44. ZnSrSSSPL-fcGa I nNttt, HRSI-±38*t 

r I n G a Nftftttfe**^ KJ ( B *^«fi 
»#Jt«W5:£8HS 1 2 5$1£3S1 4 8[eW5E£ (¥ 
/&6*F5£ 2 7 0) ftftfcjffi) o Ga NICZ n^^DL 
fc»^Kt>, Z n©*aoi[©Ji*^ffl^LEDO*3fc^ 
h/uasit^SnSC t*s«ft$ix-CV^5 (T. Ka 
waba tal, J. Appl. Phys. , 5_6_ 
(8) (1 9 8 4) , 2 3 6 7. ) „ (Hot, *»WP 
^fUffl L T^Jti^ft ^ft f k $ * 4 « #ffitt, 

[00 0 8] - <Dmz y &%0)%ytMW®X'h 5 G a I n 
Nigf B !CfcoTtt, Sfil©«ftft±, I nW»$l:t5rM 



3 

[0009] 36jt*-s* h/K©*«[*as»< ¥fefc$ix 

jplffli-tifffi^. fBViH5E*i:LTNW^.wmv«E7E* 
•CfcSAsSr-g-tfGaN, As,-, fg|a (M. Kond 
o wflfe, 13th Sympo. on AlloySe 
mocon. Phys. & Electron. : AS 
PEcs-13 (Jul. 20-24 (1994), S 
YPOSIUM RECORD, D-9) Tii, As© 10 

m±m=3. 40 eV) iGaAs («Jkf« = 
1. 42eV) |WC*lk**?>it5 (S. SAKAI 
Jpn. J. Appl. Phys. , 32 (199 

3) , 4413. > . -t^ji-fiiif, &mtotmx 

[0 0 10] :©ft, NW^K3BvSl5c**-o^tp I 
[I-V*fl2^ttsMH*|Ctt, GaNPjWsqbftTVS 
(£*} ra:ffl«Sj S56 3**2* (1 9 9 20 

4) , 15 61)'. GaNr P,« fcz«r«ftS*5i 
fcfcJ:9. *±«BS:«8i-e#S (S. SAKAI Hi, 
Jpn. J. Appl. Phys. , 3_2 (19 9 

3) , 4413. ) , 4fc, PSro^ttWlCli I n 
NAsAifci (36th Electronic Ma 
terials Conference (Jun. 22 
-2 4, 1 9 94) , ADVANCE PROGRA 
M, Q3 ;" The Growth 'and Prop 
erties of Mixed GruopV Ni 
t r i d e s" . ) . 2flg0$ UlWSiMt N&tfN 30 

-Wfcfi, AlGaNAstffcS (SJUitf)3 6 th E 
lectronic Materials Confe 
rence (Jun. 22-24, 1994), AD V 
ANCE PROGRAM, Q3) „ 

[ooii] znmteNkNUftnmMTimz-^t 

5%7fci£ft{c«vT, ftfcfctttmifiJ: 9 ¥&te£tt 

fijff III-VRfk&*«*fll/S1-5* KtS^wSIW 

1 1 - VIOI t LTflfxfcfJllf&ifC «t o 

T . L E D # tM $ tlfc W tt*d 5) JXT t * I V 
[0 0 12] «3tl©»fiR#aSr*WL-C*5 
tc, JSV«7c*i:fCN«)*«:^tf^«* III-Vfliffc 
^feW4W-iJijT-*>5G a N j $>u&Lmz-mm<D%vM 50 
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jcXtrtStttt&k LTW-{SJT-fo5G a N A s Wj&ftli 
^felCtt, MOCVD (MOVPE) ^ftfe^V P E/£ 

^■ttlSrftSCBLTtt. fcotfe>Ty* = 7 (NH 
UfV*fc*lc£a* III-V8Hls£*I<&j«ftfi, NH 

SrScBUT, 1 0 0 0tSrSx.5ia5£-CHJi$tL5»^ 
-j&fcfcoT^S (0>Rtf, H. M. Ma n a s e v i 

tft&, J. Electrochem. Soc. , 118 

(1 1) (1 9 7 1) , 1 864. ) „ 

[0 0 13] tZhtiK ^<7)LEDfflii(OQl«ig-C' 
WRMk LTflJ/B£ft-C^5Ga Ntt8 0 0*Cii(±(Oi« 
fi-C#*t5 (B*££&fimtt£ff$m&ff*Jt£ 
S r^ti^ftx^ *j 1 9 7 3^9^150* 
ff, 3 16R) . w©#*:ijgHLTGaN8iil<Dfc¥ 
*»W<C«U!l^JWtl, N©£?L (vacancy) #38 
£-f5. NW^?L(4n^ro*-vyTC0iiJP&ffl< (H. 

P. Maruskal, Appl. Phys. Let 

t. . 1 5 (1 0) (1 96 9) , 3 2 7. ), nSI* 

Dttff«>ft«lttW|fi±t:iati-$ 0 ^ft^rn^fc 
J:5pn«^*HlfflLTJMW!fl:**fc1-LED»Cj!)o 

[0 0 14] NiNWft<7)f5V^x3t-C"fcSAs££t? 
£S* III-VSl^iJlro^T*fe-5GaNAs^Al 
GaNAs«r«US*2fe«r*JfflL"C#SIRU:H:, AsiS 
tLT7/i^-» (AsH, ) as-JftWfcttlSfta 

(M. K o n d o wflfe, 1 3 t h Sympo s ium 
on Alloy Semiconductor Ph 
ysics and Electronics (Jul 
y 2 0-2 2, 1 9 9 4) , SYMPOSIUM R 
ECORD, D-9. ) „ 

[0 0 15] NHi $H-a s **l**J*-*-5NW-T-i** 
^ (H) izftMtZlzmftMM****- (1E*D 
) {±3 8 5. 9 k J/m o l X'foi (0 

re!tfr4jEfk^ffiK-sasiij «*) , ¥$5 

¥9^3 0 03§fi\ II- 3 0 11) o AsHi 
*£1-*B*C^1-$Rfc£*£**lSDtt2 9 2 k 
j/mo ix-fc5 (ls)± nsfcfr4JK<fc^|gj|-gBI«i 
IJ , 11-3 0 11) . Sot, jfc«Bt*TC*tt5N 

j:"j^5j v fi?tt»AsH 3 ©^nnioikaas 
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[0 0 16] 

7L«rN^^V^7c^icJ;'9JlA.5Zt^-e#5 0 gp 
NJ^©fSV&Slit©ggif&£ 1 it 5 

?L©£ftft© 5 * t fc e> t w t $ ft So 

tr£S* III-VKa{t**»*l«rJ|jtltL-C*it 
fc L E Dffl^W«l»itSr t o-C*Bi: L E VtmfcZ 

[0 0 17] N«^©|SVK3c**ftl1-S^ifcJ: 

•9, ^h-fW M y^4*imci#**i:ft 

*i, aoSBVK5c*©S?L«)±»JI^>4<3gjtSi:L 
■cai"5*rfc4 lII-VftSfl;fc¥*fctm*«ft1-5 

ifc*^mi45. 20 

[0 0 18] BP<b, **Wtt*K±tRltbiifc'>4< 
HUM iiiil7c*iNiNtt#ro«ft©3SvSi 
5E*i»6ft« III- V»fb^«S¥»ff«**3tJii: LT 

2* III-V^{^lSr|g3tlt LT«x^«ltiiii 

SffiftfifcttU <Uiro3BV«3E*ro^|HliftO. 5atm. 
%a»P»filatBL%W±t L/f^tiRfii Lfca*li4C 30 

©#7^V^ (bowing) ££9tfW&giMraa 

j£tt4ttfffe. 9 0atm.%J£LL£-f 3©/i^ST-fc5. 
Mitf. G a NIC A s t Pi N^i/'SIS 
Vi£S^<t-f3GaNPAsZg0l£#-5 : !§£-l^ NOOjg 
-?/ga^9 0atm.%tl±i:-r5j£iT% PiAsiO 40 

&ft<nm+mmt&t&. 1 o a tm.%sa*ft*i-r5o 

L < > 3£ L < ttil 4 ~ 1 5 atm. %g£©lBH £ 

[0019] jx.%nwm<»% nm\c%tz>7tmz 

14. B, A 1 . Ga. I n^T 1 tffc*. £V|£ 
5c^lH4N, P. As, Sb^Bi^feSo S*W(C(± 
itlfeW IIlK5c*tNtNW^1lft©SSVSl5c*t 

wa^tj-Bricir). *%miz&t>z>$m$ m-vm 

it&m&®ZZ.btfX'ZZ. '>fc< irfcHWW)* I 
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■e-a* ?> 4 5 in - v*ft**»-« 

to 

[0020] A 1 NAs S b, GalnNAsBi, G 
a N A s Sbfc£. 

[0 0 2 1] III^TE^iNtN 

h*7-r KVPES, tfJE*L<H:«EM 
OCVDft^ (MO) MBEffi$#ft|^fcjM§fiMMr 

!)?A (G a A s ) J* (GaP) $© I 

ii-v^fb^^^^^t>fijffl-e$5 0 *t, n 

ffittigL<l4i6jgft©->y => (S i) ^©tcH (# 

ft) ^ft^ H B B ts«tt^iLr?ijfflT^5 0 n 
w>%vmK%kixpk As z$tt$m% in-v 

liMWffitt, B i*Sb«r£trtmfctfctfcU £fl 
t>, AlNPA»l|tO*«»fk*«WmHfco-Ctt, L 
Wlu*ft±£jJstt£*i-0*5Ga P&& £ Oft^^FS^ 

**»»fi«^i»A«riM|-C# S. cn(c4 9, fl*. 

[0 0 2 2] *3g$Ti4, '>&< £ t-ooff IIIKtc 
*iN£NWft©«ft©f5VKjc**£fraa* III— 

Pi As t«:^trfl-»*r»3t*i: LxmR+Z. 
[0 0 2 3] N£Xt\-<n%VM7C%tLXPkAs bb* 

[0 0 2 4] G a NPA s , A 1 NPA s , InNPA 
s, AlGaNPAs, Ga InNPAs, Al InN 
PAs, AlGalnNAsP, BNPAs, A 1 G a 
BNAsP, I n A 1 BNP A s 

[0 0 2 5] N£i^©a»©|SVSl5c***tf*S* I 

mA-rtiU'&btiz. n t p t a s zttifS-m in— 
vKfb-g-#3i5r#?)icfeoTi4, 3mm<vmm7tmz 

«*Tt»v»T, *V»ot*#* III^7c^©ftlc*tL 
•CA«)5fi|^*5iiflPl-5 0 IB IUKtE^^I-S^V^^ 
*©*WiteM:*, «lijSftjsfe-ci4-jfttv/iii ttift 
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[0 0 2 6] III-V«fk^*W»fc*V^T. N 

y raa<o«'>srtfcfe-f. n»ofiiiHt*fii- 
a*+y7<7)aa*<«/>ttLtf«-fi»fla#fjSfe (h. Am 

a n o ftL Jpn. J. Appl. Phys. , 2JL 
( 1 9 8 9) , L2 1 1 2) *?®Mmm (S. Na ka 

mural, Appl. Phys. Lett. , 6 4 
(1 3) (1 994) , 1 6 8 7) %<F>tM% III-V 10 

5c*©s?L©*it*s*'> $ ti p t ttti 

[0 0 2 7] 

J: D « »VR7c*roSa«>**Sr»/>$-a:6ri:as-C# 20 
5, NW*0>3*Vfc3c**LTAsi:Pi:*££ 

[0 0 2 8] 

(£ifeWi) **H*£lfcfl*aateflW£K91-4-S. * 
mi&mX'li. GaNPAs£8*;l tLTlxfcLED 
iCo^TlE-to a2li*3SW{Cfft>5LEDro5pBSiC 30 
HT'iSbS,, B3f±H2t^i-LEDO«iI*|^«)»rffi* 
5tH-?*>5. £« (10 1) fcttn»TM£]fiSi<0«tft 

(S) K-/GaP*M*ffl^t c «£ga B a (10 
1) 0>3fcffi±lwtt:, tttlfff (10 2) . T»^5yKI 

(10 3) , «*Jg (104) 2KFJb»??y K® (l 
0 5) J*«Lfc. 

[0 0 2 9] ±|E<O#lli«Ec0MOCVDffi{iJ:t5^ 
ft**fc. S$ (10 1) lUSfidffl3tt*S:icJ:*)j«fiii* 
1:7 5 otfcffctfLfc. «-l«>iSfififfittr<DiaSt« 
-Lit. POfWMIUrL-CttPHi O*«*«*iBl0 40 
%£LfcPH> iiSMS** (H. ) 0«£-#**tMl 
Lfc 0 A s 0>0t£KJ: LtiiA s H> 0flofNt&&tt 1 
0%iLfcAsH» tHi ©»fr2f*«rttJflLfc. Nil 
£ L-TJiNHi #*£(£fflUc 0 BfSflSftftKHIfiSfi 
1 ft & OjftR Ji. MOCVD SJ^g^rt |£E $ 
tlfcG a P (10 1) C0±^(dH 2 df-+ y T 

y -7 h/ut L/Co »VtH5c*«)1illJ*Jt4:Jlti-58*|| 
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[0 0 3 0] ttffl (1 0 2) IIS i4rK-7Lfcn» 
cOGaNo.,0 As« lilt. (fiffiS (10 2) £0^ 
ffttl&O. 5(imt, y T»«ttWl X 1 o" cm 

[00 3 1] HSil (1 0 2) ±|£tt, T«*7y Kl 
(10 3) i-fSS i*r K— ^L*:n»«)GaNltr* 
«Lfc. T»?5yKI (10 3) ©Kgttifto. 2 a 
mf, ^+y7fiSl47 X 1 o" cm" 1 £ Lfc„ 
[0 0 3 2] n»«)Ti??? Ki (10 3) *)±fc 
tt. Sift (jt*E*: Zn) *:K-tf>^Lfcp»«)G 
aN«. Po... As.. SrH3t®(l0 4) t LTtfcfS 

(CH, ) , Zn) *JjM*±L-C£ttLfc. ffiWUO. 
2 p m £ LfCo y Tiggii 2 X 1 0 " cm" 1 t L 

[0 0 3 3] pJBSSjfcl (10 4) 0±fcttpJB0>±SI, 
tyyVm (105) SrttJtt. ±35^ 7 y Ki (10 
5) tip Jg©G a NlT'tM L fc„ BWttaMl 0 . 1 /i m 
T\ y 7&ftli4 X 1 o" cm" 1 Hfc, £(±©1 

flwcjcto, % mmmt Ltcat bvi£xS?£ 

LTNiPtAs iSr^tfGa NPAsflSr^Jtlt L 
[0034] (101) WSffi^WCJ:^^ 7 7 K 

I (105) ±\at. &*a<D7* h y y^T^-aw 
znmLtz><9-->?\z&*)'&m (107) 

LEDi Lfc, 

[0 0 3 5] W±|CJ;*K »*«»f<MWl«rttl. 2 0 
m£t5LED£i#fc. gftx^? h/K7)¥flt4@tt, 2 

0 m A0>|R2f|6]© L E D«ftffltt8t£»^-CiKl 7 5 

<0«stfllSr2 0mAt 8Vi4ot, 
?l^li:t5SjSSLED^-«i: UTit«-f*itf. % 
5 n 1 /9gli:i-| (c»^ft:$Ti5<D^is* 

[0 0 3 6] (H'*M2) nJg»S i*fefi^P,/ji5S 

1 (10 1) MOCVDffilrifJSETt^^ 
T, K)¥ *l^2 0 mt-f5n^C0G a No.* A so. S: 
SilrS (10 2) irLTggltfc. Sfif® (10 2) 

+ y 7«*tt« 1 . 5xio" cm" {: Lfc 0 gffil 
(10 2) ±lcti x T^?7-y Kl (10 3) i LTIg 
f^l(jmit5nff^GaN« Po* S^lffllL 

ici^^il x 1 0'" cm" 1 <t Lfc 0 
[0 0 3 7] T^^yy Kl (10 3) ±|C»i, Z n K 
— t°>y^lj£L/t p)groG a N..0S Po.»i As 0.01 A^ib 
'«:S383tl (10 4) frifMULfc. 383tJB (10 4) co 
SSJ5(±*<] 0. 15ymiL„ ^^y 7jgg(i^ 2X10 
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cm £ L;:„ 
[0 0 3 8] p M<DG a No. w Pa« A s ?£ftl 
(104) ±£}J, pjgCAlAsa •■ No.* £±£|5? 
?y Ki (10 5) £LTi|«U 38JtS (10 4) £ 
^fp^WLt ±»*5yKJi (10 5) ±(c 
11. m (105) iHSVfliwfllfiKifcSrJlicLtpJBro 
A 1 A so* N« trlftltftl (10 6) £ LT±t^ 
Lfc 0 ±tt*7;r KS (10 5) &tfSflSi£ftl (1 0 

6) <7>S$j?|i^T*tt 0. 2 fl miU ^^UT^gii 
ISIS 8 X l 0 " c m" 1 left- Lfc 0 10 

[003 9] ffiXttftl (106) «« ( 1 0 

7) Sfc, SIS (10 1) WSBlctSU 
(108) *»rtLfc. *Jt£0!IKfl[*>SttJ|*iftaM 

[0 0 4 0] JJUfCfcO, ^Otf'L^^l. O/i 
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